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ATIENTS WITH HUMAN IMMUNOdeficiency virus (HIV) infection treated with antiretroviral therapy frequently develop changes in body composition including abdominal obesity and metabolic complications of dyslipidemia and insulin resistance, predisposing this patient population to increased cardiovascular risk. 1 Growth hormone (GH) secretion is reduced in patients with HIV and abdominal fat accumulation 2, 3 ; and relative GH deficiency (GHD), based on response to GH-releasing hormone (GHRH) plus arginine testing, is observed in approximately one-third of such patients. 3 Relative GHD is common among patients with HIV and lipodystrophy and is observed most often in men with HIV and abdominal fat accumulation. The proportion of patients with HIV and relative GHD was shown to range from 37% to 39% among men and to be 16% among women with abdominal fat accumulation, based on responses to GHRH plus arginine testing of 7.5 ng/mL in prior studies.
In patients not infected with HIV but having GHD, fat mass, particularly visceral fat, 5, 6 lipid levels, 7, 8 and cardiovascular disease rates 9 are increased, and GH administration significantly improves body composition with reduction in visceral fat, 6 ,10 cholesterol level, 6, [11] [12] [13] and inflammatorymarkers. 13 PatientswithGHD are often insulin resistant, 14, 15 and longterm GH therapy can potentially improve glucose homeostasis despite an initial deterioration of insulin sensitivity. [16] [17] [18] Among patients with HIV and abdominal obesity, treatment with supraphysiological doses of GH (2-4 mg/d) during 12 weeks decreased visceral fat but was associated with significant GHrelated adverse events, including peripheral edema, arthralgias, and increased blood glucose. 19, 20 In a small, open-label pilot study of men with HIV and fat accumulation, 21 lower doses of GH (1 mg) over 6 months decreased truncal fat. In our study, we identified patients with HIV, abdominal fat accumulation, and relative reduction in GH secretion, a group that is likely to benefit from GH administration. We determined whether low-dose physiological GH would improve body composition, lipids, and other metabolic parameters and be safely tolerated in this group in an 18-month randomized, doubleblind, placebo-controlled trial.
METHODS

Participants
Patients with HIV and evidence of lipodystrophy were recruited to the study, which was conducted at Massachusetts General Hospital via community advertisement, HIV support and advocacy groups, and infectious disease or primary care physician referral, between November 2003 and March 2006. The last patient finished the 18-month visit in October 2007. Inclusion criteria included (1) ages 18 to 60 years; (2) previously diagnosed HIV infection; (3) stable antiretroviral regimen for at least 12 weeks before enrollment; (4) waist-to-hip ratio of more than 0.9 for men and more than 0.85 for women; (5) evidence of either increased abdominal girth, relative loss of fat in the extremities, or relative loss of fat in the face that occurred in the context of antiretroviral therapy; and (6) relative GHD, defined as stimulated peak GH response to GHRH plus arginine testing of less than 7.5 ng/mL (to convert to micrograms per liter, multiply by 1.0). 3 Exclusion criteria included (1) use of GH, antidiabetic agents, megesterol acetate, or other anabolic agents within 3 months of enrollment; (2) diabetes mellitus; (3) a hemoglobin level of less than 9.0 g/dL (to convert to grams per liter, multiply by 10.0), a creatinine level of more than 1.4 mg/dL (to convert to micromoles per liter, multiply by 88.4), or a prostate-specific antigen level of more than 4 ng/mL (to convert to micrograms per liter, multiply by 1.0); (4) positive betahuman chorionic gonadotropin (betahCG); (6) carpal tunnel syndrome; and (7) active malignancy or history of malignancy. Participants with history of pituitary disease or radiation treatment were excluded. Men with documented hypogonadism on testosterone repletion therapy were permitted to participate and 29% of the participants were men receiving testosterone at baseline. Testosterone levels were not available for this study.
Race and ethnicity were determined by the participants using categories provided by the investigators. These data were collected because racial differences exist in outcome measures assessed, including visceral adipose tissue (VAT). 22 A subset of patients represented in the screening data were examined in a prior study characterizing the role of sex and race in GH dynamics in patients with HIV infection. 4 The study was approved and annually reviewed by the Massachusetts General Hospital institutional review board. Participants provided written informed consent and gave permission for the results of the study to be published.
Study Procedures
Following a 12-hour overnight fast, GH response to GHRH plus arginine stimulation, glucose and creatinine levels, complete blood cell count, prostate-specific antigen, urine pregnancy test, and anthropometric measurements were assessed at screening. Medical and antiretroviral history were obtained. Eligible participants returned for a baseline visit, followed by safety visits at 2 weeks and months 1, 3, 9, and 15, which consisted of assessment of fasting glucose, insulinlike growth factor 1 (IGF-1), interim history, physical examination, and urine beta-hCG. Interval assessment visits were performed at months 6, 12, and 18.
During the baseline visit and visits at months 6, 12, and 18, the following data were collected after a 12-hour overnight fast: (1) anthropometric measurements; (2) 75-g oral glucose tolerance test results; (3) levels of glucose, insulin, IGF-1, adiponectin, and hemoglobin A 1c ; lipid profile (total cholesterol, high-density lipoprotein [HDL] cholesterol, and triglyceride level); CD4 cell count; and HIV viral load level; (4) single-slice abdominal computed tomographic scan; (5) whole-body dual-energy x-ray absorptiometry scan; (6) Medical Outcomes Study HIV Health Survey (MOS-HIV) questionnaire data; (7) carotid ultrasound; and (8) urine beta-hCG.
An 18-month extension phase to determine the effects of GH withdrawal and to offer treatment to those patients receiving placebo followed the randomization phase. The primary analysis was performed after the initial 18-month period. Extension phase data will be available in June 2009.
Intervention, Randomization, and Blinding
After baseline testing was completed, participants were randomly assigned to receive either daily subcutaneous injections of recombinant human GH (Serostim; EMD Serono, Rockland, Massachusetts, an affiliate of Merck KGaA, Darmstadt, Germany) or identical placebo. Placebo was manufactured by EMD Serono. Randomization was performed by the Massachusetts General Hospital Research Pharmacy by using a permuted block algorithm with block sizes randomly varying from 4 to 8 and stratified by sex. The participants, study investigators, and study staff were blinded to randomization assignment.
The starting dose of study medication was 2 µg/kg/d and was titrated up to a maximum dose of 6 µg/kg/d. Dose titrations were performed at each visit after baseline, based on an algorithm to achieve IGF-1 in the upper quartile of the age-adjusted normal range, but not beyond the upper limit of normal. This algorithm was chosen to maximize GH dosing but keep it within the physiological range. Study investigators were blinded to IGF-1 results and dose recommendations were made by an independent physician. To maintain the blinded nature of the study, the physician monitoring the IGF-1 levels recommended a parallel change in a randomly selected patient treated with placebo for each change recommended in a patient treated with GH.
Participants received instruction on self-administration of the study medication by study investigators. Study drug administration was witnessed at the baseline visit to ensure proper technique. Adherence history as assessed by patient injection log was performed every 3 months.
Safety
Participants with fasting glucose of more than 200 mg/dL (to convert to millimoles per liter, multiply by 0.0555) during study participation were discontinued and participants with fasting glucose of more than 150 mg/dL underwent a 25% dose reduction. One participant in the placebo group with fasting glucose of more than 200 mg/dL was discontinued at the 2-week visit. In addition, 1 participant in the placebo group and 1 participant in the GH group underwent a 25% dose reduction due to fasting glucose of more than 150 mg/dL. A data and safety monitoring board (DSMB) met every 3 months to monitor adverse events in the study. The DSMB did not review efficacy data. All adverse events were reported to the DSMB and to the institutional review board according to institutional requirements.
GH Assessment
The cutoff of peak GH response to GHRH plus arginine of less than 7.5 ng/mL was used to define relative GHD because it achieved optimal discrimination between patients infected with HIV with lipodystrophy and abdominal fat accumulation and healthy controls of similar body mass index (BMI, calculated as weight in kilograms divided by height in meters squared) in a prior study. 
Outcome Measures
Body Composition Analysis. Abdominal VAT and subcutaneous adipose tissue (SAT) areas were assessed by crosssectional abdominal computed tomographic scan as previously reported. 23 Dual-energyx-rayabsorptiometrywasperformed as previously described.
23
Carotid Ultrasound. Carotid intimamedia thickness (IMT) was assessed and analyzed every 6 months according to a standard protocol as previously reported. 
Statistical Analysis
The primary end point of our study was change in body composition, measured as change in visceral fat (VAT) and secondarily as change in fat distribution (trunk to extremity fat). Sample size was calculated based on trunk-tolower extremity fat ratio due to availability of published data for low-dose GH during 18 months in patients with GHD 13 and lack of data on VAT using long-term physiological GH in patients with HIV. To detect a prespecified difference of 0.026 in change during 18 months in trunk-to-lower extremity fat ratio between the GHtreated group vs placebo-treated group with a 2-sided ␣=.05 and 90% power, a sample size of 45 patients was needed. The change in trunk-to-lower extremity fat ratio of 0.026 represented approximately 50% of the change observed in a prior long-term study of lowdose GH in patients not infected with HIV. 13 A dropout rate of 20% to 25% was planned and 56 patients were recruited.
The safety and primary efficacy analyses were performed by using all available data, including partial data available in patients who discontinued the study. The safety population for whom safety, IGF-1, and glucose were evaluated included all participants (n=55) who received at least 1 dose of study drug. For efficacy, including VAT and secondary end points, the population (n = 52) included all participants who had at least 1 postbaseline visit at 6 months, the first interim visit to assess efficacy. The per-protocol population consisted of all participants who completed the protocol (n=48). Completers and noncompleters were similar at baseline in demographics, body composition, IGF-1, triglycerides, and 2-hour glucose levels. The rates of any adverse event, serious adverse events, and GH-related adverse events did not differ between the groups (P Ͼ.40 for each comparison).
Baseline characteristics for continuous variables were presented by using means and 95% confidence intervals (CIs) unless otherwise specified, and comparison between the 2 groups at baseline was performed by using the t test for continuous variables and the 2 test for categorical variables. The treatment effect (net difference between the change in GH and placebo, and 95% CI [calculated by using the model-based standard error of the adjusted treatment effect estimate]) was determined by using repeated-measures mixed-effects analysis of covariance, adjusting for age, sex, race, study drug dosage, as well as baseline testosterone, protease inhibitor, and nucleoside reverse transcriptase inhibitor use. Baseline data on use of antihypertensive and lipid-lowering medications as well as smoking were included as additional covariates in the analysis of change in carotid IMT. Use of antihypertensive medication was included as a covariate in the analysis of change in blood pressure (BP), and use of lipidlowering medications was included as a covariate in the analysis of change in lipid end points. The treatment effect was examined by the statistical significance of the group (GH vs placebo) ϫ time interaction effect. For each participant, available data for months 6, 12, and 18 were pooled and compared with baseline to obtain an aggregate change over the duration of treatment. This approach was chosen over a slope analysis as the data did not typically show a linear time dependency and changes occurring by 6 months were generally maintained over the duration of the study. To fit the random intercept mixed-effects model with exchangeable correlation structure for the repeated measurements, we used the SAS proc mixed procedure (SAS Institute Inc, Cary, North Carolina).
Secondary analyses also using repeated-measures mixed-effects analysis of covariance were performed in the per-protocol population (n=48) and also in a subset limited to men only (n=49). In addition, a repeated-measures model in which missing data were imputed by using a last-value-carried-forward approach was performed for the primary end point, VAT.
No adjustment was made for multiple comparisons in secondary end points in the primary analysis. In secondary analyses, a Bonferroni correction was applied to account for multiple end points within each category (eg, body composition, lipids, and biochemical and cardiovascular parameters). Results did not change for the majority of statistically significant secondary end points (trunk-to-lower extremity ratio, triglyceride level, IGF-1, 2-hour glucose, diastolic BP) by using this correction.
Extreme values of increased triglycerides were observed in 3 patients and therefore the Wilcoxon rank sum test was used for pooled data from months 6, 12, and 18 following the absence of statistical difference at baseline.
In the screening population and baseline analysis, correlation of peak GH re- sponse to GHRH plus arginine testing with metabolic parameters was assessed by using the Spearman , because peak GH levels were not normally distributed. All reported P values were 2-sided and PϽ.05 was considered statistically significant. Statistical analyses were performed by using SAS version 9 and SAS JMP statistics version 5.1 (SAS Institute Inc).
RESULTS
Screening Data
One hundred ninety-two patients with HIV were screened for the study between November 2003 and March 2006 (FIGURE 1). Data were available for 191 patients from GH stimulation testing. The mean age of the population was 45 years (95% CI, 44-46 years). The population had a mean BMI of 26.6 (95% CI, 25.9-27.2), and participants were 74% white and 84% men.
The mean peak GH response to GHRH plus arginine testing was 21.2 ng/mL (95% CI, 17.5-24.9 ng/mL). The peak GH response correlated significantly and inversely with triglycerides (=−0.37, PϽ.001), total cholesterol (=−0.22, P=.004), systolic BP (=−0.23, P=.002), and diastolic BP ( = −0.17, P = .02). When controlling for age, sex, BMI, and protease inhibitor and lipid-lowering medication use, peak GH response remained an independent predictor of fasting triglyceride concentration (␤=−1.12 mg/dL [to convert to millimoles per liter, multiply by 0.0113] change in triglyceride levels per ng/mL [1 µg/L] change in peak GH, P=.03). A total of 33% of participants screened demonstrated a peak GH response to GHRH plus arginine of less than 7.5 ng/mL.
Results of Interventional Study
Fifty-six patients enrolled in the study. Baseline characteristics of the study population were similar between the groups (TABLE 1). Twenty-seven participants were allocated to receive GH, of whom 21 (78%) completed the trial; and 29 participants were allocated to receive placebo, of whom 27 (93%) completed the trial (Figure 1) . The discontinuation rates were not statistically different between the groups (P = .10). Significant changes in antiretroviral medication class and antihypertensive and lipid-lowering medications were not observed between the groups during the study. Baseline use of antiretroviral drugs in each major class and individual drugs were not substantially different between the groups. Commonly used medications (Ͼ15% study population) overall and in the GH and placebo groups included lamivudine, 71% (59% and 83%, respectively); tenofovir, 52% (56% and 48%, respectively); ritonavir, 38% (37% and 38%, respectively); zidovudine, 34% (30% and 38%, respectively); efavirenz, 29% (26% and 31%, respectively); abacavir, 20% (30% and 10%, respectively); nevirapine, 20% (22% and 17%, respectively); atazanavir, 18% (19% and 17%, respectively); and lopinavir, 18% (15% and 21%, respectively). Specifically, there was no statistically significant difference in stavudine use (15% in the GH group vs 17% in the placebo group, P=.80).
Dosing
During the course of the 18-month study, the mean dose of GH was 3. FIGURE 2) . Parallel-dose adjustments for placebo were made and dosing was similar between the groups. Similar dosing was also observed in the per-protocol popu- ). The mean percentage reduction in VAT among the patients treated with GH was −8.5% (standard error of mean, 2.7%), whereas the median reduction was −13.4%. Variability in response was indicated by the interquartile range of responses of −22.3% to 4.6%.
Trunk-to-lower extremity fat ratio (treatment effect, -0.4; 95% CI, -0.6 to -0.2; PϽ.001) and trunk fat (treatment effect, -0.8 kg; 95% CI, -1.5 to -0.04 kg; P=.04) decreased in the GH group compared with the placebo group (TABLE 2). Abdominal SAT area and extremity fat did not change. Lean mass increased significantly in the GH group compared with the placebo group (treatment effect, 1.3 kg; 95% CI, 0.2-2.3 kg; P=.02).
IGF-1 increased with GH treatment compared with placebo treatment (treatment effect, 129 ng/mL; 95% CI, 95-164 ng/mL; PϽ.001) ( Figure 3 and Table 2 ). Similar changes for IGF-1 were observed in the per-protocol analysis. Change in VAT correlated with baseline VAT (r = -0.30, P = .03) and change in IGF-1 (r=-0.31, P=.03).
Lipids
Triglycerides decreased (treatment effect, -7 mg/dL; P=.002), whereas total cholesterol and HDL cholesterol were unchanged in the GH group compared with the placebo group (Table 2) .
Glucose, Insulin, and Adiponectin
The 2-hour oral glucose tolerance test glucose level increased in the GH group. Similar changes were observed in the per-protocol analysis. Fasting blood glucose, fasting insulin, hemoglobin A 1c , and adiponectin did not change in the GH group compared with the placebo group ( Table 2 ). In participants in the GH group, fasting blood glucose levels (10 mg/dL; 95% CI, 2-18 mg/dL vs 5 mg/dL; 95% CI, 2-8 mg/dL) and 2-hour glucose levels (32 mg/dL; 95% CI, 2-62 mg/dL vs 10 mg/dL; 95% CI, -9 to 30 mg/dL) tended to increase more in participants with baseline impaired fasting glucose (n=7) vs without impaired fasting glucose (n = 17), respectively. Similar results were observed in the per-protocol population. In contrast, change in IGF-1 was not related to change in 2-hour glucose level (r=-0.19, P=.37). Similar results were observed in the per-protocol analysis (r =-0.18, P=.44).
Cardiovascular Parameters
Diastolic BP (treatment effect, -7 mm Hg; 95% CI, -11 to -2 mm Hg; P=.006) decreased with GH, while the change in systolicBPwasnotstatisticallydifferentcompared with placebo (treatment effect, -6 mm Hg; 95% CI, -13 to 1 mm Hg;P=.09). Carotid IMT did not change in the GH group compared with the placebo group (treatment effect, -0.004 mm; 95% CI, -0.035 to 0.026 mm; P=.78). The 2-hour glucose level was significantly related to carotid IMT at 18 months (r=0.38, P=.009), but not at baseline (r=0.07, P=.58).
Safety Parameters and Quality of Life
At baseline, there was no significant relationship between CD4 cell count and IGF-1 (=-0.05, P=.71), although there was a trend in the relationship be- 
GH Placebo
For visceral adipose tissue area, PϽ.05 for effect over 18 months; and for insulinlike growth factor 1 levels, PϽ.001 for effect over 18 months. Error bars indicate standard error of mean. Insulinlike growth factor 1 data presented for safety population, for all visits, including safety visits. Numbers of patients assessed at 2 weeks were identical to those assessed at 1 month. tween CD4 cell count and peak GH response to GHRH plus arginine (=0.25, P = .06). No effects of GH treatment were observed on HIV viral load or CD4 cell count (Table 2) . Change in quality of life, measured by the quality of life domain of the MOS-HIV survey, did not differ between the GH and placebo groups (Table 2) .
Adverse Events
Adverse events were not significantly increased in the GH group compared with the placebo group (TABLE 3). A total of 23% of participants in the GH group experienced potentially GH-related adverse events compared with 28% of participants in the placebo group. Four serious adverse events occurred in the GH group, which included rectal cancer, hospitalization for confusion and transaminitis (thought to be related to progression of HIV), hip fracture requiring surgery, and appendicitis requiring surgery. None of these events was considered related to GH treatment. One serious adverse event was noted in the placebo group (anal cancer). 
COMMENT
In our study, physiological GH administration significantly reduced visceral fat and truncal obesity, triglycerides, and diastolic BP and was welltolerated. However, GH increased the 2-hour postchallenge glucose level in patients with HIV-associated abdominal fat accumulation and relative GHD during a long treatment period of 18 months.
The screening data demonstrate significant inverse correlations between peak GH response to GHRH plus arginine stimulation testing and important metabolic parameters. Taken together, these data suggest that reduced GH secretion is associated with metabolic abnormalities in patients with HIV and abdominal fat accumulation.
Growth hormone is an anabolic hormone and has lipolytic effects, increasing the mobilization of triacylglycerols from adipose tissue. 27 Growth hormone inhibits lipoprotein lipase in adipose tissue, 28, 29 reduces de novo lipogenesis in the liver, 30 and increases overall fat oxidation rates, 31 which may contribute to its positive effects on lipids. Consistent with these known physiological effects of GH, we found that GH administration in patients with HIV and relative GHD (1) decreased abdominal visceral fat and trunk fat, (2) increased lean body mass, and (3) reduced triglycerides. Furthermore, the change in VAT correlated significantly with the change in IGF-1. In contrast, we found a sparing of abdominal SAT and extremity fat at the low doses used, which is important in patients infected with HIV who frequently experience lipoatrophy of subcutaneous fat. Indeed, our patients had relatively low extremity fat at baseline despite marked central fat accumulation. In contrast, higher doses of GH in patients with HIV decreased both SAT and VAT. 19 The relative decrease in VAT achieved in our study is less than with high-dose GH, but more than observed in most studies of exercise and dietary modification 32 and insulin sensitization strategies in patients with HIV. 33, 34 It is unknown if improved GH secretion with reduction in visceral fat contributes to the metabolic benefits of lifestyle intervention and other strategies to reduce VAT in the HIV population. Previous studies of GH in patients with HIV did not select for patients with reduced GH response to standardized stimulation testing, were significantly shorter in duration, and used supraphysiological doses of GH, resulting in IGF-1 levels several-fold above the normal range. 19, 20, 35 In contrast with prior studies using 2 to 4 mg/d, we used a physiological dose of 0.33 mg/d. Although prior trials demonstrated a more marked improvement in VAT than observed in our study, patients experienced considerable GH-related adverse events. A small pilot study of intermediate-dose (1 mg/d) GH decreased truncal obesity and was associated with transient glucose intolerance. 21 In our study, we selected patients who demonstrated decreased GH secretory capacity at baseline and found low-dose GH to be welltolerated. Growth hormone-related adverse events were not increased in the GH treatment group compared with the placebo group.
Growth hormone has been shown to improve insulin sensitivity assessed by hyperinsulinemic euglycemic clamp in HIV-negative men with abdominal obesity after 9 months of treatment. 16 We found a worsening of 2-hour postchallenge glucose in our study. This finding may underscore the heightened risk of GH administration for altered glucose homeostasis in patients with HIVassociated visceral fat accumulation and insulin resistance. Although GH acutely exerts insulin-antagonistic effects in the liver and peripherally, prolonged treatment with GH in HIV-negative individuals with abdominal obesity has been postulated to improve insulin sensitivity due to a reduction in VAT and subsequent reduction in free fatty acids in the portal circulation. 16, 17 In a study using GH with a dose of 3 mg/d in patients with HIV, 35 the effect of GH on insulin-mediated glucose disposal worsened in the first month, then subsequently improved to baseline values by 6 months. Our study showed a consistent difference over time and no pattern of initial worsening and subsequent improvement (data not shown). Glucose levels tended to deteriorate more with GH treatment in participants with impaired fasting glucose at baseline. No relationship was observed between change in IGF-1 and glucose, suggesting that baseline glucose status, potentially more than IGF-1 level achieved, determines abnormal response to GH.
Another strategy to influence the GH axis in patients with HIV is the use of GHRH. 23, 36, 37 In a recent study, 37 GHRH (1-44) (tesamorelin), decreased VAT and improved total cholesterol, HDL cholesterol, triglycerides, and adiponectin without worsening of glucose levels. However, tesamorelin is not yet available for clinical use. In that study, VAT decreased by 15% during 6 months in response to tesamorelin, while VAT decreased by approximately 9% during 18 months in our study. Mean IGF-1 increased to a similar degree in both studies (109 ng/mL with tesamorelin 37 and 109 ng/mL with low-dose GH). The potential mechanisms to explain the relative potency of GHRH compared with GH to reduce VAT despite a similar increase in IGF-1 remain unknown but may relate to physiological effects of GHRH to increase endogenous GH pulsatility, not achieved with GH. At the same time, glucose homeostasis was not altered by the GHRH analogue but was worsened by low-dose GH for the same increase in IGF-1. Further research is needed to investigate these important differences in these 2 strategies to increase GH in the HIV population.
In our study, we found an improvement in diastolic BP in the GH group, which is consistent with results from Johannsson et al 16 who had previously demonstrated that GH improved diastolic BP in abdominally obese men without HIV. However, diastolic BP was higher in the GH group than placebo group at baseline, and the significant decrease in the GH group may in part represent regression to the mean.
Previous studies in patients not infected with HIV and having severe GHD have shown increased carotid IMT at baseline and improvement in carotid IMT [38] [39] [40] with GH administration. Baseline carotid IMT was not increased in our participants compared with agematched healthy controls, and thus significant reductions in response to GH would be less likely. Our data also suggest that increased glucose levels resulting from GH may limit the salutary effects of GH on carotid IMT in the HIV population.
In contrast with the recent findings of Napolitano et al 41 using a much higher dose of GH (3.0 mg/d for first 6 months and then 1.5 mg/d for second 6 months), we did not find an increase in CD4 cell count with GH administration. Furthermore, we did not assess thymic output or volume. The CD4 cell count was higher at baseline in our study than that found in Napolitano et al. 41 We did not observe a relationship between baseline IGF-1 and CD4 cell count, but there was a near significant association between peak GH response to GHRH plus arginine testing and CD4 cell count at baseline. Further studies on the effects of low-dose physiological GH on T cell dynamics are needed.
Our study has some limitations, including a modest effect size for the primary end point, VAT. However, the change in VAT we observed (-22 cm   2 within the GH group, -19 cm 2 treatment effect relative to placebo) with GH was comparable in magnitude to that achieved with other strategies, including lifestyle modification, to reduce abdominal adiposity in patients without HIV.
42-44 Furthermore, the treatment effect observed in our study represented the novel effects of truly physiological dosing in the HIV population. In considering strategies to reduce visceral fat in patients with HIV infection, the US Food and Drug Administration (FDA) considers a reduction of 8% in visceral fat to be clinically significant for the use of GH. 45 In our
